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論文内容の要旨
Rho family GTPases are inactive in the GDP-bound state and active in the 
GTP-bound state, and in their active form these proteins can associate with downstream 
effector proteins to induce a diverse cellular response. Guanine nuc1eotide exchange factors 
(GEFs) stimulate the conversion of Rho GTPases to th町 active GTP-bound form. In the 
human genome, there are 69 distinct members of the Dbl-related Rho・GEF gene family. 
They possess a conserved Dbl homology (DH) domain responsible for Rho・GEF activity, and 
the DH domain is usually followed by a pleckstrin homology (PH) domain that mediates 
membrane association. In addition to the DH and PH domains, the Dbl-family Rho・GEFs
contain a variety of protein-binding domains that are thought to be involved in the distinct 
regulation of GEF activity or the localization of individual Rho・GEFs. Because of the large 
number of Rho・GEF genes in mammalian genomes, the functional roles of each of the 
individual Rho・GEFs in various cellular events have not been elucidated. In this study, 1 
aimed to identiか Rho・GEFsthat are involved in various cellular fuctions. 
1 searched for RhoA specific GEFs that are involved in the Wnt-induced planar 
cel polarity (PCP) signaling pathway. The Wnt family of secreted proteins play crucial roles 
in numerous developmental and physiological processes by regulating cell proliferation, 
migration, morphogenesis, and polarity formation. In the Wnt I PCP pathway, Wnt I Fz I 
Dvl-induced RhoA activation requires a forming-related protein, termed the Dvl-associated 
activator of morphogenesis 1 (Daaml). When Fz is activated by the Wnt signal，抗 induces
the translocation of Dvl to the plasma membrane and the formation of the Dvl陶Daaml
complex. Because Daaml does not have the ability to activate RhoA directl:ぁ itis predicted 
to function as a scaffold protein that recruits Rho・GEF for RhoA activation. A recent study 
showed that WGEF, a member ofthe Dbl-related Rho・GEFs， connects Dvl to Rho activation 
in the Wnt I PCP pathway and controls the convergent extension process in Xenopus 
embryos. However, it is unknown whether WGEF, or other Rho・GEFs， are involved in 
Dvl-induced RhoA activation in other cells, tissues, and species. Previous studies have 
shown that Dvl activates RhoA and ROCK, thereby inhibiting serum starvation-induced 
neurite outgrowth in NIE-115 mouse neuroblasωma cels. 
To identify Rho-GEFs that are responsible for Dvl・
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schematically shown ln Figure 1. Interestingly, when 
examined the effect of each Rho・GEF shRNA on 
Dvl・induced neurite retraction ln N1E-115 cells, 
cotransfection of the shRNAs targeting LARG , 
p114-RhoGEF, or Lfc with CFP-Dvl・ 1 significantly 
increased the percentage of neurite-bearing cells (Figure 
2). In contrast, no significant change in Dvl-induced 
neurite retraction was observed by other Rho・GEF shRNAs. 
Previous studies showed that both Wnt-3a and 
lysophosphatidic ac? (LPA) induce neurite retraction 
ji ln N1E-115 cels. To determine the functional 
specificity of Rho・GEFs ， 1 examined whether the 
knockdown of LARG , p114'RhoGEF, or Lfc affects 
Wnt-3a-or LPA-induced neurite retraction ln 
N1E-115 cells. Knockdown of LARG , p114-RhoGEF, 
or Lfc by shRNA transfection markedly inhibited Wnt-3a CM-inducedneurite retraction. In 
contrast, when 1 analyzed the effects of Rho・GEF knockdown on LPA-induced neurite 
retractlOn m N1E-1l5 cells , LARG shRNA significantly blocked LPA-induced neurite 
retraction but p 114-RhoGEF and Lfc shRNAs had only partial or no effects. Furthermore , 
when N1E-115 cells were cotransfected with Dvl-1 and each ofthe Rho-GEF shRNAs, Dvl-or 
Wnt-3a-induced RhoA activation was significantly suppressed by p114-RhoGEF or Lfc 
shRNA but not by LARG shRNA (Figure 3). To examine the relationships between the roles 
of p114-RhoGEF and Lfc in Wnt-3a and Dvl signaling, 1 analyzed the effects of double 
knockdown of p 114司RhoGEF and Lfc on Dvl-or Wnt-3a-induced RhoA activation and 
compared them with the effects ofp114-RhoGEF or Lfc single knockdown. p1l4-RhoGEF!Lfc 
double knockdown suppressed Dvl田 1 ・ or Wnt-3a-induced RhoA activation to the extent 
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similar to those by p114-RhoGEF or Lfc single 
knockdown. Furthermore , p1l4-RhoGEF!Lfc double 
knockdown suppressed Dvl-1-induced neur?e 
retraction to the extent similar to those by p 114 or Lfc 
single knockdown. These results suggest that 
p114-RhoGEF and Lfc function in a similar pathway 
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and that these Rho・GEF activities may depend on each other. 
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1 next examined whether p114・RhoGEF， Lfc, 
LARG, and WGEF would physically interact with Dvl or 
Daaml. When Flag-tagged Dvl-1 or Myc-tagged Daam1 
was coexpressed with CFP-tagged p114-RhoGEF, Lfc, 
LARG , or WGEF in HEK293T cells , p114-RhoGEF, Lfc, 
and WGEF but not LARG, were coprecipitated with 
Flag-Dvl-1 (Figure 4). These results suggest that p114-RhoGEF、 and Lfc are involved in 
羽Tnt- 3a- and Dvl-1-mediated RhoA activation by associating with Dvl-1 and Daaml. 
Addìtionally, to determine which region of Dvl is involved in binding to p 114-RhoGEF and 
Lfc, binding ability of deletion mutants of Flag-Dvl-1 with CFP-p114-RhoGEF or CFP-Lfc 
was analyzed by coimmunoprecipitation using an anti-Flag antibody. Both 
CFP-p114-RhoGEF and CFP-Lfc coprecipitated with only Dvl-1 ・(amino acids 165・ 367) ，
indicating that Dvl-1 binds to p 114-RhoGEF and Lfc through the central PDZ-containing 
region (165-367). 1 also analyzed the binding of each Rho-GEF to the N-and C-terminal 
fragments of Daam1 [N-Daam1 (amino acids 1 ・ 235) and C-Daam1 (490・ 1078)].
p114-RhoGEF and Lfc coprecipitated with Myc-tagged fulHength Daam1 and HA-tagged 
N-Daam1 but not Myc-tagged C-Daam1 , indicating that Daam1 binds to these Rho・GEFs
through its N-terminal region. 1n contrast, to map the regions of p114-RhoGEF‘ and Lfc 
required for bindingto Dvl and Daam1 , 1 also analyzed binding abi1ities of deletion mutants 
of CFP-p114-RhoGEF and CFP-Lfc to Flag-Dvl-H165 ・367) or HA・N-Daam l.
p114-RhoGEF 四 (568-1016) ， but not p114-RhoGEF-(1-572) , coprecipitated with 
Flag-Dvl-H165-367). Conversely, p114・RhoGEF-(l ・ 572) ， but not p114-RhoGEF -(568・ 1016) ，
coprecipitated with HA-N-Daaml. Thus, p114-RhoGEF binds to Dvl- H165・ 367) through its 
C-terminal region and to N-Daam1 through its N-terminal DH・PH-∞ntainingregion. On 
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propose a model for the signaling of Wnt-3a-induced RhoA activation and the interactions of Dvl-l , 
Daam l , and pl14-RhoGEF or Lfc inthe ternary complex (Figure 5). 
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Next, 1 searched for Rho・GEFs that are 
involved in cell migration. Cell migration is crucial for 
morphogenetic process and is involved in much disease 
Such as cancer. The Rho family GTP冶sesare critical regulators 
of key steps in cel migration. During migration, Cdc42 plays an 
integral role in polarizing the centrosome and defining the 
direction of movement, Rac1 and Cdc42 are classic regulators of 
actin-based Iamellipodia and filopodia formation , respectively , 
and RhoA regulaωs cel contractility. AlIthree of these GTPases 
also play a role in cel adhesion , and the activity of Rho心TPases
in migrating celIs were sp叫iotemporalIy 陀gulat怠d by Rho-GEFs. Thus , elucidation of Rho-GEFs that are 
involved in regulation of each processes of cel migration is integral to understand the regulatory 
mechanisms of ceIl migration. As the first step of study of cell migration, 1 searched for the 
Rho・GEF shRNAs that suppress FCS-induced cell migrat?n in the highly invasive 
MDA-MB-231 breast cancer cells by genome-wide analyses. 1 examined the effect of each 
Rho-GEF shRNA on FCS-induced cell migration in MDA-MB-231 cells by using Transwell 
assays. Interestingly, knockdown of AAH33666 , Duo, Fgd4, Net1, p63-RhoGEF or, Trio, but 
not other Rho・GEFs， significantly reduced the percentage of migrating cells, compared with 
the cells transfected with control shRNA (Figure 6). 
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FCS includes several components that are 
involved in activation of Rho-GTPases. To determine 
the functional specificity of Rho・GEFs， 1 examined 
whether the knockdown of AAH33666 , Duo, Fgd4, Netl , 
p63伊RhoGEF or, Trio affects FCS-, LPA-, or 
PDGF-induced activation of RhoA, Rac1, or Cdc42 in 
MDA岨お1B-231 cells. FCS-induced RhoA activation was 
significantly suppressed by Net1 shRNA and partly 
reduced by p63・RhoGEF or Trio shRNA (Figure 7A). 
Furthermore, LPA -induced RhoA activation was suppressed by the knockdown of Duo, Fgd4, 
Net1, or Trio , or p63-RhoGEF (Figure 7B). On the other hands , the level of active Rac1 was 
not affected by treatment with FCS or 主JPA and the knockdown each of Rho-GEFs was not 
affected, too (Figure 7, A and B). Similarly, the level of active Cdc42 was not affected by 
treatment with FCS or LPA. But the knockdown of Duo , Fgd4 , orτrio reduced Cdc42 
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activity when cells were treated with FCS. (Fi郡江e 7A). Interestingly, whereas treatment 
with LPA suppress鐡 the level of active Racl and Cdc42, p63-RhoGEF shRNA invalidated 
LPA-induced inactivation of Racl and Cdc42 (Figure 7B). When cells were treated with 
PDGF, both of RhoA, Racl , and Cdc42 were activated but the knockdown of Fgd4, Netl, or 
Trio significantly suppressed RhoA activation, the knockdown of Fgd4 or Netl significantly 
suppressed Racl activation, and the knockdown of Duo, Fgd4, or Netl suppressed Cdc42 
activation (Figure 7C). These results suggest that Netl and Trぬ were involved in RhoA 
activation by several cell stimulation and LPA-or PDGF-induced Rho・GTPases activity 
were regulated by p63-RhoGEF or Fgd4 and Netl respectively. 
This study constitutes the first step towarda genome-wide approach to knockdown Rho-GEF, 
using shRNAs targeting al known Rho-GEF candidate genes (including 69 Dbl-like genes, 1 
D∞k1-related genes and two SWAP70・like genes). 1 anticipate that 由is approach will lead to a more 
comprehensive understanding of the functional roles of Rho・GEFs in the regulation of Rho family 
GTPases in various aspects of cel activi句r， such as cytoskeletal reorganization,polarity formation, gene 
transcription , cel growth , migration , neurite outgrowth, and tumor invasion. In this s刷dy， 1 used a 
high-throughput screening method to obtain shRNA constructs with e首ective gene-silencing activity. This 
method can be applied to any gene , even when the expression of the gene cannot be monitored direct1y, 
due to either a lack of specific 釦tibodiesor very low gene expression levels. Therefore, our approach wil 
contribute toward e妊'orts to knock down large numbers of genes simultaneously and can be applied to 
genome-wide knockdown experiments. 
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論文審査結果の要旨
細胞平面極'1主 (planar cell polarity: PCP) の形成と維持は発生過程における形態形成や
細胞運動において重要であり、その破綻は発癌とも密接な関係がある。 Wnt は細胞平面極性
を制御する重要な細胞外因子であり、 RhoA の活性化を介したアクチン細胞骨格の再編成に
より細胞平面極性が制御されていると考えられている。 Wnt による RhoA の活性化には
Dishevelled (Dvl) や Daam1 の関与が示唆されているが、 Wnt-PCP 経路に関与する RhoA の活
性化因子 (GDP-GTP 交換因子: RhoA-GEF) の実体は不明で、あった。本研究では、 Wnt-3a 刺
激および Dvl の発現によるマウス N1E-1l 5 細胞の神経突起退縮を指標として、 14 種類の
RhoA 特異的な GEF の発現抑制の効果を shRNA を用いて解析し、 Wnt-PCP 経路に関与する
RhoA-GEF として p1l4-RhoGEF と Lfc を同定した。これらの貼oA-GEF の発現抑制は、 Wnt-3a
や Dvl による RhoA の活性化と神経突起の退縮を抑制した。また、これらの RhoA-GEF は Dvl
および Daam1 と特異的に結合することを明らかにし、互いの結合部位を同定した。さら
に、 pl14-RhoGEF と Lfc の Dvl 結合ドメインの過剰発現によって Dvl による神経突起退縮が
阻害された。以上の結果は、 p1l4-RhoGEF と Lfc が Wnt-3a によるRhoA の活性化と神経突起
退縮に関与していることを示唆しており、本論文は、 H甫乳類動物細胞における Wnt-PCP 経
路に関わる RhoA-GEF をはじめて解明したものである。さらに、本論文では、ヒト浸潤性乳
癌細胞 MDA一回一231 細胞の血清依存的な細胞遊走に関与する Rho-GEF の網羅的探索を 69 種
類の Rho-GEF に対する sh剛A を用いて実施し、 6 種類の Rho-GEF が関与することを明らかに
した。これらの成果は細胞運動、細胞形態形成に重要な役割をもっ Rho ファミリー活性化
の分子機構を解明する上で重要な成果であり、本論文は、著者が自立して研究活動を行う
に必要な高度の研究能力と学識を有することを示している。したがって，辻拓史提出の論
文は，博士(生命科学)の博士論文として合格と認める。
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